This study aimed to define the taxonomic status of a novel, phenetically distinct group of seven strains belonging to the genus Acinetobacter, which were isolated from environmental soil and water samples collected in Central Bohemia, Czech Republic. Comparative sequence analyses of the 16S rRNA, gyrB and rpoB genes showed that all these strains formed respective tight clusters (intracluster sequence similarities of !99.8, !98.1 and !98.3 %, respectively), which were distant from all known Acinetobacter species ( 98.2, 84.0 and 88.9 %, respectively). The average nucleotide identity and digital DNA-DNA hybridization values ( 83.5 and 27.4 %, respectively) between the whole-genome sequence of a group representative (strain ANC 4149 T ) and those of known taxa were far below the thresholds used to discriminate between bacterial species. The seven strains also formed a tight and distinct cluster based on the genuswide comparison of whole-cell mass fingerprints generated by matrix-assisted laser desorption/ ionization time-of-flight MS and could be distinguished from all other members of the genus Acinetobacter by the combination of their ability to assimilate glutarate and L-tartrate and inability to grow at 37 C and on L-aspartate. It is concluded that the seven strains represent a novel species for which the name Acinetobacter pragensis sp. nov. is proposed. The type strain is ANC 4149
Acinetobacter is a physiologically, metabolically and ecologically highly heterogeneous genus (Juni, 2005) that forms a phylogenetically deep branch within the Gammaproteobacteria (Touchon et al., 2014) . To address the taxonomic diversity of acinetobacters in non-human environments, we have conducted an extensive study on strains culturable from natural soil and water ecosystems in the Czech Republic L. Radolfova-Krizova & A. Nemec, unpublished) . That study revealed unexpectedly high biodiversity at the species level, which is not sufficiently covered by the current classification and nomenclature, and led to the discovery of a number of taxonomically novel groups of strains or unique strains. Two of these groups, which appeared to be widespread in the areas explored, have been given formal names, i.e. Acinetobacter bohemicus and Acinetobacter albensis (Krizova et al., 2015b) . The aim of the present study was to define the taxonomic status of another phenetically distinct group belonging to the genus Acinetobacter which encompassed seven strains collected in Central Bohemia.
The nature and origin of the samples from which the seven strains were isolated are shown in Table 1 . All sampling sites were located in Central Bohemia, an area surrounding the city of Praha (Prague), the capital of the Czech Republic. The strains were obtained from samples using selective culture in a minimal mineral medium supplemented with 0.1 % (w/v) sodium acetate as described by Krizova et al. (2014) . The distinctness of the isolates at the strain level was revealed by sequence polymorphisms of both the rpoB and the gyrB gene sequences ( Fig. 1 ) as well as those of genomic DNA macrorestriction patterns (Fig. S1 , available in the online Supplementary Material). For comparative phenotypic and genotypic analyses, we included the representatives of all Acinetobacter species with validly published names (except for Acinetobacter grimontii and Acinetobacter pakistanensis which are considered to be the later synonyms of Acinetobacter junii and A. bohemicus, respectively; Nemec & Radolfova- Touchon et al., 2014) and of several provisional taxa (Fig. 1 ).
All seven strains had basic properties congruent with the description of the genus Acinetobacter (Baumann et al., 1968) , i.e. they were oxidase-negative, catalase-positive, non-motile and strictly aerobic Gram-stain-negative organisms. Oxidase activity was tested using OXItest strips (Erba Lachema). Catalase activity was determined by assessing bubble production by cells in 3 % (v/v) hydrogen peroxide solution. Motility was assessed in soft agar medium (10 g tryptone, 5 g NaCl and 4 g agar per litre). The capacity for anaerobic growth was assayed on tryptic soy agar (Oxoid) supplemented with and without 0.2 % (w/v) KNO 3 using an anaerostat with the AnaeroGen system (Oxoid). Nitrate reduction was tested using the API 20 NE system (bioM erieux). Gram-staining was performed with the Hucker method as described by Gerhardt et al. (1981) . Tests were read/performed after 1 day (oxidase, catalase, Gram-staining, nitrate reduction) or 3 days (the other tests) of culture at 30 C. The control strains used were Acinetobacter baumannii CIP 70.34 T , Escherichia coli ATCC 25922 and Pseudomonas aeruginosa ATCC 27853.
To define the taxonomic position of the seven strains, we employed the genus-wide polyphasic approach used in our recent nomenclatural proposals (Krizova et al., , 2015a . This consists of comparative analyses of the partial sequences of three housekeeping genes (rpoB, gyrB and 16S rRNA), whole-cell patterns obtained by matrix-assisted laser desorption/ionization time-of-flight (MALDI-TOF) MS and metabolic and physiological features of all strains of a putative novel taxon, supplemented by the analysis of the whole-genome sequences of (a) carefully selected representative(s) of the taxon. A formal species name is then proposed only for a phylogenetically distinctive group which encompasses multiple strains of diverse origin (Christensen et al., 2001) and which is both genotypically and phenotypically internally coherent and, at the same time, different from known taxa at the species level of resolution.
Comparative analysis of the rpoB (RNA polymerase b-subunit) gene was carried out for an 861 bp region which corresponds to nucleotide positions 2915-3775 of the rpoB coding region of A. baumannii CIP 70.34 T (accession no. DQ207471. 1) as described previously (Nemec et al., 2009 (Nemec et al., , 2011 . As shown in Fig. 1(a) , the rpoB gene sequences of the seven strains formed a strongly supported, tight cluster; similarity values (percentages of identical nucleotides at the corresponding positions) between these strains ranged from 98.3 to 99.7 %, whereas those between them and representatives of the other species ranged from 76.5 % (Acinetobacter qingfengensis 2BJ1 T ) to 88.9 % (Acinetobacter bouvetii CCM 7196 T ). Analysis of the gyrB (DNA gyrase subunit B) gene was performed using a novel set of amplification and sequencing primers (gyrB28-F2: 5¢-GGGATTCCTACCGATATTCACCC-3¢ and gyrB28-R: 5¢-TTGGCAATCTGCCAATTTCCC-3¢), which flank the region encompassing positions 293-1252 of the gyrB coding sequence of A. baumannii CIP 70.34 T (accession no. APRG01000002.1). Genus-wide similarity calculations and cluster analysis (Fig. 1b) were then carried out for an 824/827 bp region corresponding to gyrB positions 391-1214 of A. baumannii CIP 70.34 T . The gyrB gene sequences of the seven strains again created a well-supported and distinct cluster within the genus (Fig. 1b) ; similarity values between these strains were 98.1-99.8 %, in contrast to the range of 73.1 % (Acinetobacter boissieri SAP 284.1 T ) to 84.0 % (A. bouvetii CIP 107468 T ) found between them and the other species. The 16S rRNA gene sequences of the seven strains were determined using external primers targeting the region corresponding to positions 28-1521 in the E. coli numbering system (accession no. J01695.2) as described previously (Krizova et al., 2015b) . These sequences were identical except for three polymorphic positions at the 5¢ end (!99.8 % sequence similarity), whereas they showed less than 98.2 % similarity to any of the sequences representing the species with validly published names (Fig. S2 ) calculated using the method recommended by Meier-Kolthoff et al. (2013b) available via the GGDC web server (http://ggdc.dsmz.de; MeierKolthoff et al., 2013a). The results of the genus-wide comparative analysis based on these 16S rRNA gene sequences are depicted in Fig. S2 .
Analysis of the seven strains in the context of the genus was based on whole-cell profiling by MALDI-TOF MS. Samples were prepared according to the Bruker Daltonics instructions as follows: colonies of a bacterial strain grown overnight on sheep blood agar (Oxoid) at 25 or 30 C (depending on the growth requirements of the strain) were smeared directly onto 24 spots of the MALDI sample plate and, after drying at room temperature, overlaid with 1 µl of the saturated a-cyano-4-hydroxycinnamic acid solution in an acetonitrile/water/trifluoroacetic acid (50 : 47.5 : 2.5, by vol.) mixture. MALDI-TOF mass spectra measurements were performed using a Microflex LT instrument (Bruker Daltonics) operated in linear positive mode at an acceleration voltage of 19.9 kV in the mass range from 2 to 20 kDa under control of the FlexControl 3.4 software (Bruker Daltonics Fig. 1 . Neighbour-joining trees based on partial nucleotide sequences of the (a) rpoB (861 bp) and (b) gyrB (824/827 bp) genes of the seven strains of the novel group (Acinetobacter pragensis sp. nov.) and the type/reference strains of Acinetobacter species with validly published names and several provisional taxa. Evolutionary distances were computed using Kimura's two-parameter model. The sequence of Pseudomonas aeruginosa PAO1 (GenBank accession no. NC002516) was used as the outgroup. Bootstrap values (>75 %) after 1000 resamplings are indicated at branch nodes. In parentheses are accession numbers for rpoB/gyrB gene sequences or whole-genome projects from which these sequences were extracted. Bar, 5 % change per nucleotide site. Both rpoB-and gyrB-based clusters embracing the seven strains were supported also by bootstrap values of 100 % using maximum-parsimony analysis (after 1000 resamplings). All calculations were done using the BioNumerics 7.5 software (Applied Maths).
performed using E. coli DH5a peaks (4346. 3, 5095.8, 5380.4, 6254.4, 7273 .5 and 10 299.1 Da). Twenty-four independent mass spectra comprising at least 100 laser shots each (10 laser shots at 10 different spot positions) were collected and averaged for each sample. They were further processed and unified to a main spectrum under default settings of the BioTyper software (version 3.1; Bruker Daltonics). Main spectra were determined for the seven novel strains and the type and reference strains of all Acinetobacter species with validly published or provisional names. Based on cluster analysis of these spectra, the seven strains formed a compact cluster clearly separated from all the other strains (Fig. 2) .
The differential physiological and metabolic features of the seven strains were assessed by using the genus-targeted set of strictly standardized, mostly carbon source assimilation tests as described previously (Nemec et al., 2009) . Table S1 shows the results for these strains and all Acinetobacter species with validly published names (except for A. boissieri and Acinetobacter nectaris which are metabolically unique, e.g. in terms of their ability to utilize sucrose and D-fructose but not acetate; Álvarez-P erez et al., 2013), each of which was, whenever possible, represented by multiple reference strains. The seven strains of the novel group differed from all known species in at least three properties, even when considering only the characters that were either positive or negative in all members of a given species. The only exception was Acinetobacter johnsonii with just one such character (growth on glutarate), but the vast majority of strains of this species could be separated from the strains of the novel group also by the ability to grow on 4-aminobutyrate, L-arginine and/or L-aspartate. The most useful combination of features to distinguish the seven strains from all known species included the ability to assimilate glutarate and L-tartrate and inability to grow at 37 C and on L-aspartate. An overview of the physiological and metabolic characteristics of the novel group and those of the species phenotypically most similar to it (four or fewer differential traits) is given in Table 2 .
The taxonomic position of the novel group was finally assessed by genome-wide comparative analysis. A draft genome sequence was prepared for strain ANC 4149 T , which was selected to represent the group based on the comparison of all available phenotypic and molecular data. Raw sequence data were generated on an Illumina MiSeq platform in the Genomics Core Facility (EMBL) and assembled de novo using the Geneious 9.0.5 software (Biomatters). The resulting genome sequence of ANC 4149 T (accession no. LUAW00000000.1; size: 3.71 Mb, number of contigs: 72, number of proteins: 3393 and DNA G+C content: 44 mol%) was compared with those representing nearly all known Acinetobacter species using the average nucleotide identity based on BLAST , respectively, thus being far below the thresholds recommended to discriminate between bacterial species (Richter & Rosselló-Móra, 2009; Meier-Kolthoff et al., 2013a) . The only four species for which whole-genome sequences were not available, i.e. Acinetobacter apis, A. boissieri, Acinetobacter guangdongensis and Acinetobacter populi, were shown to be clearly distinct from the novel taxonomic group at the species level based on all the other taxonomic parameters studied (Figs 1, 2 and S2, Table S1 ).
In conclusion, the results presented here indicate that the seven strains represent a new taxon within the genus Acinetobacter, which is distinct from all known species with validly published names. Even though molecular analyses congruently showed that A. bouvetii is the species most closely related to the new taxon, these two taxonomic Table 2 . Metabolic and physiological characteristics of Acinetobacter pragensis sp. nov. and phenotypically most similar Acinetobacter species Species: 1, A. pragensis sp. nov. (n=7 where n is the number of strains); 2, A. albensis (n=8); 3, A. bouvetii (n=1); 4, A. gandensis (n=6); 5, A. guillouiae (n=17); 6, A. harbinensis (n=1); 7, A. johnsonii (n=30); 8, A. puyangensis (n=2); 9, A. schindleri (n=22). All species with validly published names include the respective type strains. Results were obtained either in this study (for A. pragensis sp. nov.) or have been published previously (Krizova et al., 2015b) . Tests were performed as described by Nemec et al. (2009) . The culture temperature was 30 C except for temperature growth tests. Assimilation tests were read after 6 days of culture in fluid mineral medium supplemented with 0.1 % (w/v) carbon source. Other tests were evaluated after 3 days (haemolytic and gelatinase activities) or 2 days (D-glucose acidification, temperature growth tests in brain-heart infusion broth). All strains grew on acetate but were negative for growth at 44 C, D-glucose Growth at 41
entities are unequivocally separated from each other at the species level based on all characteristics investigated. We therefore feel it is legitimate to propose a formal species name for the novel taxon. The name Acinetobacter pragensis sp. nov. is proposed, which reflects the fact that all seven strains of the taxon were collected in Central Bohemia, the region surrounding the city of Praha.
Description of Acinetobacter pragensis sp. nov.
Acinetobacter pragensis (prag.en¢sis. N.L. masc. adj. pragensis of Praga, the Latin name for Praha, the capital of the Czech Republic).
The phenotypic characteristics correspond to those of the genus (Baumann et al., 1968) , i.e. Gram-stain-negative, strictly aerobic, oxidase-negative and catalase-positive coccobacilli typically occurring in pairs, incapable of swimming motility, capable of growing in mineral media with acetate as the sole carbon source and ammonia as the sole source of nitrogen and incapable of dissimilative denitrification. Positive in the transformation assay of Juni (1972) . Colonies on tryptic soy agar (Oxoid) after 24 h of incubation at 30 C are approximately 1.5 mm in diameter, grey-white, slightly opaque, circular, convex and smooth, with entire margins. Growth occurs in brain-heart infusion broth (Oxoid) at temperatures ranging from 15 to 33 C but not at 37 C; no or doubtful growth at 35 C. Acid is not produced from D-glucose. Gelatin is not hydrolysed. Haemolysis is not observed on agar media supplemented with sheep erythrocytes, although some strains display a greenish discoloration of the agar. Acetate, benzoate, citrate (Simmons), ethanol, glutarate, 4-hydroxybenzoate, DL-lactate, T =CNCTC 7530 T ), isolated from a wetland sample (water with organic debris) collected near the city of Nymburk in the Central Bohemian Region of the Czech Republic (GPS coordinates: 50.1851578 N 15.1144675 E) in October 2011. The type strain assimilates 2,3-butanediol, gentisate and phenylacetate, but not tricarballylate or tryptamine. Its growth on L-glutamate is visible between the 6th and 10th day of culture. The GenBank/EMBL/DDJB accession numbers for the draft whole genome sequence and partial gyrB, rpoB and 16S rRNA gene sequences of ANC 4149 T are LUAW00000000, KX014569, KX014578 and KX014586, respectively.
